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(54) THIN FILM FORMATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film forming 
method for forming a high quality p-FeSi2 epitaxial layer 
on an Si-substrate. 

SOLUTION: A p-FeSi2 layer 17 is formed by arranging 
an n-type Si-substrate 1 of the (100) plane on a 
substrate holder 3 provided in a vacuum chamber 2 of a 
magnetron sputtering device and then depositing Fe on 
the Si-substrate 1 by sputtering using gaseous Xe as 
the sputtering gas while heating the substrate so as to 
keep its temp, at 550 to 650° C. Gaseous Xe has large 
mass in comparison with gaseous Ar being generally 
used in sputtering. Therefore, when Fe is deposited by 
sputtering, the dissociation of the Si-Si bond at the 
surface of the Si-substrate proceeds efficiently, and the 
reaction of Si and deposited Fe is accelerated by 
exposing the surface of the Si-substrate to the plasma 
gas of Xe, thereby the high quality p-FeSi2 epitaxial 
layer can be formed. 
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axe # scorns t msm o *c ft * <t ^ tcisgs l 

[0 0 5 9 ] ^2fc:^-r<J:5K:, Xe^*ffll>fc*» 
iH©«B«^J:ai»">^Bfl-FeS i,© (40 
0), (600), (800) ffl©»IS»«©tf-*36S 

men, s D n Di^xt^+^t;n«$nri^c 

1f>^B (2 02) ^ (422) MCDfcf-*J&*li£ 

[006 0] £tc, SfcfcCDA r #XCffil>fcA&Ctt. 
iS-FeS i,J!CDJSS^5 0-100 nm*ii5i 
SUSIMcftSa*. *^<DXe^^ffll^*iSrB, 
6-FeS i I jffl[>JP$^2 0 0 nm*iH*Tfc»»fl 

[oo6i] (*5scd®si2 ) mi<Dmtmi8rc\z* f 

**l«<D02<D||ffl^«©WJB<D0^^ffi"CB. Fei 

5 i ©H**^^^ J: 0 (lOO)ffiOnMOS 
iifiltcPI^iSUl3-FeS 7 ZBf& 

fflC*S«a, MS iSfiCOEHB, ai (a) K^L 
fcfc©£B—fc<DrBl (a) »«lyt«9ST5. 
[0 0 6 2] Hl©S814/Blr>r. g«SK£5 5 0- 

6 5 0*C, ^'^^5mniTorr, Fe^-^ 
y h8(DRF^9-^20 0W, S i * b 9 <DR 
F^7-£150W. XeS£B£25 SCCMrSS 
U 03K^-f cfc^CCS iSffiliK. Fe&tfSi* 
^ft^ft&3 n m/fttify 1 Onm/^O^U-Ft 
*H3tf, S iS«l±tt/3-FeS i 2 Jil 7*^1 
OOnmOil^^lS-r^o C<DW&t>. 02te7nOfc 

<t [5j«ft^ a a a ft ft xf^>t ;u® X^HJf 
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[ 0 0 6 3 ] fS 1 <b^2©HSfi<D^-C^b^<t ^ tCS 

ArteitLT*£ftftfi£WLT:fo9, S i BrFt 
©»3&C|«U S iM^CDx^^-CD^^Ar 
«:ttUr/jNS<, *fcJIJt-T4«*«*«t*ct*6J:0^ 
< (OS i Jj^£«^r*Sg^#*£ < k ^g^SJicD^ 

immm<Ds i -s it§^jsnB*^A<ji». * 

10 »Sn-5F eiS iSSOS i iOSJSTo&sffiji^ 

6r&£o SSBd>ftC^v K«©t^#FeM 

[0064] ±iSrB, FeiSi (DEI^*«{COl>r 
§fcHj§L/c#. FeiSi *^K*iRUTfcra«©S*J|l 

[006 5] ^ 1 R0^2 OHJS^SSCDlftWr 
\* % XertZl,cr>\,>xmMl>tc&, K rtfXtCOOTfc 
l5iaoSS*3&J**. (10 0) I©nS©S iS 

Sfco^Tjfi^fc*** (100)ffiOpS(DSiSfi 
20 -£\ (111) I0nS*fcBpSOS iXffiCCOC^r 
i>mm<D®gJ)*$>Zo £tc s RFv^Fp^n*^ 

[0 06 6] (jU6©^SI3) 04 B. #2fe9lCDl|r 3 <D 
fe<D»r®0T J *>&o 

[0 06 7] 04 (a) Kl7jVrJ:5fc:, (10 
0) ffi<DnM<DS iSSl RCAa#fl 

30 1 SrtfCEKSftfc****^- 1 9CCSS"T 

ftfc, 1 8tCttS iSfil«JMRT 

&fc£>CDfc-*---2 0 K^Sfmr-5/c^(D#>^ 
oft#oT^*a£tD2 1 Fe©t^>^t 
^/cMR F ^7Xv^A v %MMM-(*>M2 2 fim 

>i2 2 KBR F««2 3i77?>^-^^24^ 

[0 06 8] 05B, RF^7X7^;^^iti>ft 

40 7X^^I*l>ft>iS2 2«, *ttcD-fe->^A (« 
T\ CsiE-T) 3R«2 5t«tt&T*CiK:«tO«H(C 
CsWffUcFe^-y-; h 2 6«e^27(D7' 

$^54>©r^)-So */c, >f*>©x*;^--B3iaim 
S2 8tBBfSCi*Jt#4. ftfe, 2 9(iW^ 
>f;l/, 3 0B8£5-C$>£o 

[0 06 9] ^CCC±sBSBB*fl3^r % RF^XvX^' 
^^S^S^^">iS2 2^c 1 0" 4 To r r 
Xe^27^«&l, 13. 56MHz©RFa*7- 
50 *»3 0 OWEHSDOr, F eCDm-/^>^^U, 04 
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(b) Kl^-riSKF e©t^>^3nm/^f 
#W-h"C. 5 5 0-6 5 0'C{cMUS i Sfi 1 (C 
KHHStt. Silfil±K:iS-FeSiJ17«:ftl 
OOnmOWSCCJBflrrs. CCDit^fc. H2CC*bfc 

[0 07 0] Chtt; {flax***-** 
^HUStfj (*!?£»- 1 eVgg) T fc ji^OIE^XZ) 
mfKx*;^- GlStt-l 0 eV) J:0/hS<, 
a«JX*;V**-££&5g.&< FeiSi <D3g^SJt^2-^ 10 
tc#>. ^©Ki£#ffiii3ft, ig D a nftfr/3-F eS i i<D 

^ v F e CDft-< <b l/tliv SeViK 
(2-8 eV) #^£IA><> F eCDfi-r^>Ox^;l/=P 
-**1 0 eV*a^LT**0^<*^i^y— 

[0 07 1] (IUS(DJB»4) H 6 tt. **9H©*4© 

«<D»rB0t*£>6o 

[0 07 2 ] 06 (a) CC5Vf<fc5K\ (100)1© 20 

>^-3 1 rt«cESI3tiyt»K*^y-3 2 CCSgT 
[0 0 7 3 ] &*>\ 3 lCcttS ilfil 

*fflfcTafc»©t-*--3 3i* *3a»«r*te»© 

AStC0&6OFe©Er-/3 5i, SiCD^-7-b-A 

F7^;M*>fi3 7 W^6tltC^o fcfc, 3 8 30 
ttRFWI, 39IJV^>^^^ 4 0»7X7 
P-3>Fn-7-, 4 1ttH,^t*S. 
[0 074] Jfcfc, ±iaSSSKm»T. S&SS£5 5 
0-6 5 0'C&CSSl, RF^y#J!"f*>*l3 7CCH 
,^4 162SCCMfi8&U RFmi®3 8J:9 15 
0W<DRF^-7-*HJMlUT\ 06 (b) CC5VTJ:5«: 
H<D^#;l^*>4 2*S i S«l CCJH«oa*«6, 
m-T-^-AJCj:^ F e*ttl nm/»©f^^ b*C3 
0nm©f»«:*S3-S. S i £*c 1 ±CC f3 - F e S i 

7*fil OOnmOWSCCjgflE-r*. C(D«^ 40 

[0 07 5] cn«, H7^V-(*>4 2^S iSfi 
lCCM£4$tt£4. S iM^£Sj£UTS i H«£J&£ 
r 5/c», S i Sffi 1 ©*ffi© S i - S i *§^<D8SBI*S 

<t«3, *H;*ft£F eiS i 4 ©S^SJEtfiBfi 3 ft * 
#>e>-C£>£. CftCc<toT. iKAKft£-F eS i ,<D 

H<D^^*JV^^>CDMMiF ea>*8li*BI*K:tTo 50 
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[007 6] (HJfi©»ffi5 ) ##^©SM©*«9&« 
~Ctt\ FeO^^e-Alfttaifc^ 
©»5©IQB0g»rtt. FetSi^MltjS 
-FeSi 1 »«jR]«r&*i^«:ot>Ttt?a'r*. s 

RtfS iS«CDSHg«a6 (a) &C7nb/efeCD4|*) 
-fc<Dr06 (a) *#«LTBMM"*. 

[0 07 7] 06 (a) ttmLtcgmZm^X. (1 0 
0) MOnSOS iSSlCDSSiaK^5 5 0~6 5 0 
'CCCtSSU RF7^;Mt>I3 7CCH,#;*4 1 
£2SCCM{**&U RFHiK3 8^9 1 5 0W(DR 

F'ty-zzmox. 07tc^-ri^ocH(D^^^;i/>r 

OF eStfS i ^r^ft^ft^l nm/^R3. 3nm 

-FeSi,Bl 7£fal 0 0 n m<DJ?3K3J£-rSo 
02^L/tfe(D4p)«&li5 B c iiW^xb^ 

[007 8] ±iaOSi?8r F e 4 S i oeffiMIfltfiC 
-X>T»9i F e 4 S i * JSEKUtfll t>mU 

F e 4 S i (Dili feHBSCCfToTl>fc#, S2Wfo 

[0079] fff4R0 f »5©SBK»«Ott9)i , tMa:, R F 
5Z?*)\"<t*>W3 7fcH,#**Jt§l>/c»^CCOl,vt 
tftHJL/t#, Xe> KrfOft^Sfll^Kfc, 
S i %KSB<PS i - S i |§£-CDjB«#»b*,ft< 

^Feisi toM&mfc&femzti* mmom^m 

6>ft£ 0 

[0 0 8 0] F efeWfe-ASBtUfc:^ *56 

<db£i 3 icfrs l tc* 5 ecu a * xoimvmmr z> t , 

Jg^«o a Q HO/3-Fe S i 2 Jf7W#6ft£o 
[0 0 8 1 ] £/c. (100) S<Dn£E<DS ilttco 

l>T^/c#, (10 0) ffiCD pSOS i . ( 1 

1 1 ) W<Dn%L£td l Zv>m<DS ilStCO^tfcgllt 

[008 2] £/c. mMcomm 1 ^6JUfi<DJB®5T 
IS, S«SK£UT5 5 0-6 50°C£fl3l>fc#, 40 
0-7 5 0 -C(D®ffl-C^ft{i^ 0 a pa^ <S-FeSi 2 I 

[008 3] (HtlflO»SI6> H8tt. *»W©»6© 

[0 08 4] 08 (a) fcTftTctSK:, (10 

0) McDnSCDS iltl RCAj5t^S, -f*>a 
A^«t^r, S iSSKD^ffiKF e 5 W^>^»D3l 
^E^lOOkeV, K-Xt^3xl0 ,4 cm- J ©^ 
frtiiAUtF eSAI4 3^^fiSrr5o 

[008 5] -XCC V 08(b) ^"TJ:^«:, F e^t£ 
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V7jkLtc<DtmtJ:'>tj:g&^ IP^ S«&g£5 5 0 

y-; FCDRF^*7-£20 OW, ArS£fi£25SCC 
M*CtK£LTS iS&l±lC, F e£&3 nm/Wf 
^U-ht3 0 nm<DJ5SfrCiiS$i*\ /3-FeSi 2 
gl 7£#J1 0 Onm©JSSfc:^$rr* B COfi^fc, 

[0 08 6] Cti«, S iSgCC^&Fefc^VftA 
TSC<tK:,J:*K SASftfcF el^S iS«<DS i 

kbiu fln&u/ts i »fi_btciia3n^F e<bs i <t 

(DBJS&ISMSti* *fci£A3*i/cF efcSi <tCDgj£ 
[0 087 ] ±IBCD|ftHjr«, F e£-f *>£Abfci© 20 
[0 08 8] (mt&<D&1&7) 09«\ ##fe9!<£>07© 

[0 08 9] 09 (a) fc7jVr<fc5(C. (1 0 

0) M<DnM<DS i S«l RCASftf^ >f^>ffi 
AS£flH>T, S i SSI ©Office A r"^*>£flnit 
mJBE#4 5keV, F-XWl x 1 0 ,4 cm' 2 <D^fr 
raAUr A r 4 *»J5W*. 30 

[0 09 0] &frt> 09 (b) tC^-Tcfc^K:, Ar^a 
A?n/cSiSSl^RCAi3tm *7*«r<D 

5 0 "C, ^^)K?:5mmTorr, Fe*-y* 
KDRF'W-*2 0 OW, A rS£S^2 5 SCCMfC 
S5£LTS iS«l±tc. Fe«»3nm/»©f#U 
-F^3 0 nmCDJl$K:*£S£t»\ /3-FeSi,JIl 
7*»1 0 0nmOH»CCJBflETa. COtl^fe, 02 40 
CCS* U te 6 © i IQttttlKSiJHt * tr * * > + 'Mi 

[0091] cn«, S iSt£fc^6Ar £^*>&A 
T£C<*:fc:J:9> £A£ftfcA rl^HSS ilSOS i 

±$0, CftKJ;^ S iSffi*ffi<DS i -S itfe# 

mmu. mmvtcs i»«±cc*8i3*iSF ets i <t 

50 
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[0 0 9 2] COi*. &AShfcArflH4*S i &C 

[0 09 3] ±E<D»IB'TB. A r ££A t/fcflteK-? 

[0 0 9 4] */c. *ifeCD^)S6RD f IUS(D^S§7CC*j 
trCfcfc, Fe-f*>*4l»ttAr-f*>0)aEA©F-X 
W^iS iiR*«cW-^WS4&ft. F-X« 
tt5 x l 0" cm- 2 3^e> 1 x l 0 IS cm- a OlSH*s»* 
L<, *fc-Y*>aA<DaHS0«H«e-FeS i,<D 
xtfif*S/*iWB3WB«3ti*«« (S iS«*M*>e> 
*ft»-rSF eCD®J5<D#j3. 2{g&«) ltP&^3ft*CD 

[0 09 5] (SBW©»«8) HI 0», *»9i©SI8 

[0 0 9 6] £t\ B10 (a) fc7n-i\fc5fc* (1 0 
0) BOnSiCDS ilfili. 

otEt) 4*>*flniSSffi&*l OOkeV, F-XS 
^3X1 0 14 c m-^^taALtC 0^X14 5^: 

mats. 

[0097] <XCC. 010 ( b ) <fc 5 CC, Co^ 

fc©iPJi;J:5«c*ff. Sl£&££5 5 0-6 5 

0°C> X^^E^*5mmT o r r , F e £ — h 

©RF^7-*2 0 0W. Arffil*2 5SCCMfCg: 

SUTSilSUKl, Fe*<&3nm/#©* s tf*l'-- 
hr3 0nm©»S*C*SIS*, Co*F-^fcnS 

<D&-F e S i ,14 6£#J 1 0 0 n m©ff SteJ&fiW 

[0098] Chit S i aStC^a&nStftS^tt*! 
CDCo^^^>aAT^>C<!bk:<t:0, aA^n/cCoj^ 

IK tST-racDfiLgT±S 0 , cntCiO. S iSS^ffi 

cos i - s i m^mmis. mt&btcs i mm±tcwm 

^FeiS i £©Kfc;WS»3*i* Sfc&ASttfc 
CoWFeim^^ti^o cnW-pt, Co 
F-^CDfl5n D o®^:nMO/8-F e S i.Oif^Vt 

[0 09 9] 2S0-FeSi 2 JI$*pS-C£>£ 
3&J % Co*K-tr>yTSCfc«c<fc9nHOfl-FeS 

[0100]*3k, F-t>y»t -f*>8EA©F- 
[0101] lECDKMStB, Co*^^>?£Al//ci© 
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(N i ) , S£ (P t ) , (Pd) , ^cp 

SOW^iltvy^ (Mn) , ^PA (Cr) , 

*y^> (Mo) 9t«t»r«>pja©j»*3W6ti 
[0102] 306<D»»eac«Bii©»»7 <tim 

-isitm&tcib. F-XJH«5X 1 0 ua cnr 2 £>6 1 x 
1 0 15 cnr J (DffiB##£ IX, *fc^*>ffiA©»S 
#ft£>ffiBtefl -FeSi ^xhf^+V-Wl/JBJWfrS 
Sti&fiM (S i*fi«ffi#^i§aT£F e<D^JP©#J 

[o 103] tit. SH6, m7&vms(D9m&i&<D& 

tt*»r vC F e time? *#S«:-^TBMB D 

[0 10 4] gfc, (10 0) ffiCDn^ODS iSfi^ 
^ta^W (10 0) SO p M<D S i a«*>, ( 1 
1 1) ffi©nffl*fcttpffl©S ig«&tot>T&[5tf§<E> 

[oio5] imm<D&m9) hub, #*hb©#9 

[0 106] *-J\ ^11 (a) cc^-r*5cc, (1 0 
0)I©n§C0SiIfiUt RCAflSM*. 

^S**5mmTorr, Fei-^? F©RF^9 
-^2 0 0W, AriftS£2 5 SCCMtcS^US i3 
SliCC, F e*tt3 nm/W^l/- h*C6 0 nm 
©»30C*aS^ FeJB4 7*}ftSTS. fc*>\ 
SSBFeiS i(DSJt^Dft^2 5 0*C«T*5®^ 

[0107] ^11 ( b ) (C^T <fc 5 &C V (10 

0) M<DpS<DS ig«4 8£, H^j-HjSO.g* 

±<D F e IB 4 7 SBCCftt* «fc 5 KmtoTSg 0 ^fc>i*T « 

[0108] ail ( c ) tc^-Tcfc 5 sc. n&fr 
4«i*r % 7 0 0*c©iaa'Ci«fraH I ^»H»"c*ft 

fcJ&ST 5 C t ft < ¥S#© S i ggccffiifc OTataSJCB 
aWfifeD, fl-F e S i .OitWS/t JWB 1 7#FHM 

[0 1 09] C©*£. HI 1 (d) CC^-T i^CCp^ 
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©s i»«4 8£WgLT, ^tMcdji^&ct^o cftK 

-FeS i ,/n-S i <D# 7)1^ 2> 

[0110] JJBOBMirrtt, nwa«rH,^#H» 
*fflt^»^«coc*r«w^fc3W, » <N a ) #x*> 
Ar/fX*«t»rfeH»DSI*#»6*i*. £/c, Si 
»K©gl*«sa«:pc»rtt. nSL<DS iS«irt>S 

10 [0111] */t, A r *X*«Ufci»©7y* F P 
*tt*»W>T F efc*»r**tt«:ot>TttW 
DCXA^, 2 >f^*>e-A^ 

[0 112] *fc. ^6^6^8(D^ifeO»SrC7nL/c 
<fc5CC, (10 0) B<Dn§S(DS iSfil £/c«: ( 1 0 
0) MCDpSUDS iS«4 8K, F e fc^STSBWe^ 
feFe, Si, £fc«:Ne, Ar, Kr, Xe?(Df^/ 
20 ft5WJn2W*t4SCo, Ni, Pd, S/c 

[0 113] 

F eZmm-tZCtttCj:*)* *fc.H, Ne, Ar, K 
r, Xef©»^©7^-f*>*S iSffi±CcM 

30 KKFe, Si, J/diNe, Ar, Kr, Xe?<D# 
*/ X * -f * >&A 0tb^8Fe £ C 4 K 

J:0 , S i SS^ffiCDS i - S i 1^<DMmim&tftlC 

ta^n^Feis i tomsfo&isMzti. m& 

R<D&-'F e S i t ©xtT ji+V^JbJBsWBrtS 

[0 114] £/c, nStO^ift&Co, N i, P 
t, Pd, g/tpSO^^ift&Mn, Cr, Mo? 

40 T-SCiCc^O, Cti6©aA^F«^F eH^tSSl 

^jr/S-F e S i 2 <D* VZ*ts + frM&1&8i1r& C t& 

[0115] Se>Kl«, F e^tiU/cS i SS^rffeO 
S i »Eiator»tea-r 4 C t CC J; 0 , F e tiMffiJO 
S i»RiH«SJB**U. |8-FeSi,0*M+ 
U+MtimW>S i BtcSd&ii*n50T, 2ocDS 
W>f^>^n, Si//S-FeSi 2 /Si<D 

vzfjv^rxm&iteiSur * c <t *s-c * s i> ^^^^^ 

50 t^o 
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1 ] *#JI§<D# 1 ©HSBBttiCteW* S-FeSi 
0 2 ] #|SM©«dW&H: J: 0M3n/c/3-FeS 

:h 3 ] shhh®* 2 <omtmmiasif z # - f e s i 

04 ] #2£9I<Z>»3 ©HiB&KfcfcttS <3-FeS i 

6 ] *«W©»4 - F e S i 

7 ] *$mom 5 CD||»JK«CC*$^S ^~FeS i 

8 ] *^HJCD^ 6 (DlSJ^JSKtettS £ - F e S i 

9 ] 7 OSai0&»CC*jtf 5 /3-FeSi 
010] ^9i(D»8©^aS»»CC*jtfi/8-F e S 

1 1 ] *»9B<D*9 03aB^«CCte^5 /3 - F e S 
EF#©i&9§] 

2.18.31 IS^t^- 

3.19.32 JHR***- 

4, 20, 33 k-£- 
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* 5 , 2 1, 3 4 
6, 7 #V-F 
8,2 6 Fe£-y? h 
9 Si^-^^h 
1 0, 1 1, 2 3, 3 8 RFHiK 

1 2, 1 3, 24, 3 9 v^^>y#^^X 

14 ttzm&n 

15, 40 7X7a-3>Fa-7- 

16 X e #X 

10 17 /3-FeSi,! 

2 2 RF^7XvXa- 7 ^SAfi-r*>iS 
25 Csl^ 
2 7 Xe^/X 
2 8 SlfflSS 

2 9 

3 0 525 
3 5 Fe(DE#> 
3 6 Si<DE#> 

3 7 RF7^;Kt>® 
20 4 1 H 2 #X 

42 H^i>*7;W:*> 

43 F eftAH 

44 A rftAi 

45 Co&AJI 

46 nM<D£-F e S i ,JI 

47 Fel 

4 8 pS><DS iW&L 
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